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TITLE 

METHODS OF REDUCING SAG IN NON-AQUEOUS FLUIDS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

Not applicable. 

STATEMENT REGARDING FEDERALLY SPONSORED 
RESEARCH OR DEVELOPMENT 

Not applicable. 

REFERENCE TO A MICROFICHE APPENDIX 

Not applicable. 

FIELD OF THE INVENTION 
[0001] The present invention relates to particle-containing fluids, and more particularly to 
methods of reducing sag in non-aqueous fluids, e.g., invert emulsions, containing particles by 
combining cystol ester and/or at least one of its derivatives with the fluids. 

BACKGROUND OF THE INVENTION 
[0002] Subterranean deposits of natural resources such as gas, water, and crude oil are 
commonly recovered by drilling wellbores to tap subterranean formations or zones containing such 
deposits. A drilling fluid or mud is usually circulated through a wellbore as it is being drilled to 
cool the bit, keep the deposits confined to their respective formations during the drilling process, 
and return drill cuttings, i.e., small pieces of shale and/or rock generated by the drill bit, back to the 
surface. Drilling through subterranean zones containing clay and shale that swell upon exposure to 
water requires the use of non-aqueous drilling fluids to avoid problems such as sloughing and well 
collapse. Such non-aqueous fluids include a base fluid such as diesel oil, mineral oil, an olefin, an 
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organic ester, or a synthetic fluid. The drilling fluid is commonly an invert emulsion, i.e., a water- 
in-oil emulsion. 

[0003] Solid particles are often added to non-aqueous drilling fluids for various reasons. For 
example, weighting agents such as barite particles may be added to the drilling fluid to increase the 
density of the fluid and thus ensure that the fluid provides high hydrostatic pressures in the 
Wellbore. Unfortunately, the solid particles, particularly the relatively heavy particles of a 
weighting agent, may settle and/or stratify in the fluid as it is being pumped through the wellbore. 
As a result of such settling, a problem known as sag can occur in which the specific gravity of the 
drilling fluid along the fluid column varies. 

[0004] Traditionally, materials such as organophilic clays have been added to drilling fluids to 
overcome the sag problem. However, those materials undesirably increase the viscosity of the 
drilling fluid and thus cause the drilling efficiency to decrease. As a result of the increase in 
viscosity, relatively high pump pressures may be required to convey the fluid into and out of the 
wellbore. Further, it may be difficult to remove drill cuttings from the wellbore, resulting in the 
fluid having an excessive circulation density and thus leading to the loss of its circulation in the 
wellbore. A need therefore exists to develop a method of reducing the sag in a non-aqueous fluid 
such as a drilling fluid without significantly increasing the viscosity of the fluid. 

SUMMARY OF THE INVENTION 
[0005] According to an embodiment, methods of reducing sag include combining a cystol 
ester compound with a non-aqueous fluid and particles to reduce sag in the resulting fluid 
composition. The fluid composition may be used as a wellbore servicing fluid such as a drilling 
fluid. In one embodiment, the non-aqueous fluid comprises an invert emulsion and the particles 
comprise a barite-weighting agent. In an embodiment, the reduction in sag that is achieved in 
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this case is in the range of from about 0 % to about 100 %. Further, the introduction of the cystol 
ester compound to the fluid composition does not significantly increase the viscosity of the fluid 
composition. In an embodiment, the apparent viscosity change of the fluid composition is less 
than about 50 % after heating for 4 hours at 160 °F. Fluid compositions may be made using the 
foregoing methods. 

{0006] hi an embodiment, fluid compositions include a non-aqueous fluid, particles, and a 
cystol ester compound for reducing sag therein. The non-aqueous fluid comprises an invert 
emulsion, diesel oil, mineral oil, an olefin, an organic ester or a synthetic fluid, or combinations 
thereof. Suitable cystol ester compounds include cystol ester and derivatives of cystol ester having 
mono-, di-, or tri- substituted aromatic compounds as substituents. In addition, the particles 
comprise a weighting agent, e.g., barite, galena, hematite, dolomite, calcite, or combinations 
thereof. The fluid compositions may also include organophilic clay. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0007] In accordance with an embodiment, a fluid composition includes a non-aqueous fluid, 
particles, and a cystol ester compound for reducing sag in the fluid composition. As used herein, 
"sag" is defined as: an increase in specific gravity of a fluid due to the settling and/or the 
stratification of particles under dynamic and/or static condition; or as defined in the field, a 
variation in specific gravity of a fluid along a column of the fluid as a result of the settling of 
particles in the fluid. Further, as used herein, "cystol ester compound" refers to cystol ester or 
derivatives of cystol ester, e.g., cystol ester having mono-, di-, or tri-substituted aromatic moieties. 
The cystol ester compound is a non-polymeric material that can be utilized in the fluid composition 
to reduce sag without significantly increasing the viscosity of the fluid composition. In an 
embodiment, the fluid composition may serve as a wellbore servicing fluid. As used herein, 
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"wellbore servicing fluid" refers to a fluid that may be used to prepare a wellbore or a subterranean 
formation penetrated by the wellbore for the recovery of material from the formation. It is 
understood that "subterranean formation" encompasses both areas below exposed earth or areas 
below earth covered by water such as sea or ocean water. 

[0008] The fluid composition contains a balance of the non-aqueous fluid after taking other 
components of the fluid composition into account. The bulk of the non-aqueous fluid primarily 
comprises a liquid that is not water and thus contains only a relatively small amount of water 
(typically from about 5% to about 40% by weight of the non-aqueous fluid) or is substantially free 
of water. The non-aqueous fluid may, for example, comprise an invert emulsion, diesel oil, 
mineral oil, an olefin, an organic ester, a synthetic fluid, or combinations thereof. In an 
embodiment, the fluid composition is an invert emulsion drilling fluid comprising water droplets 
dispersed in an oil phase. The water droplets may comprise fresh water or salt water such as a 
brine or seawater. An example of a suitable brine is a CaCU brine. 

[0009] The type of particles contained in the fluid composition may vary depending on the 
particular use of the fluid composition and of the particles. By way of example, the particles may 
be used to improve or alter the properties of a fluid composition to be used as a wellbore servicing 
fluid. For instance, the particles may be used to control fluid loss, reduce torque and drag, increase 
the viscosity of the fluid composition, and/or increase the density of the fluid composition. In 
addition, drill solid particles may be incorporated in the fluid composition during drilling 
operations. In an embodiment, the fluid composition may serve as a drilling fluid, a work over 
fluid, a completion fluid, a drill-in fluid, or a kill fluid, and the particles may comprise at least one 
weighting agent having a relatively high specific gravity for increasing the density of the fluid 
composition. Examples of suitable weighting agents include barite, galena, hematite, dolomite, 
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calcite, iron oxide, illmenite, siderite, celestite, and combinations thereof. Other types of particles 
that may be used in other types of fluid compositions may include, but are not limited to, asphalt, 
polymers, graphite, gilsonite, water-soluble polymers, personal care solutes, salts, and paint and 
ink particles. An amount of the weighting agent in the drilling fluid may range from about 0 
weight percent (wt. %) to about 80 wt. %, from about 0 wt. % to about 70 wt. %, or from about 0 
wt. % to about 60 wt. %, all weight percentages being based on the total weight of the fluid 
composition. 

[0010] Cystol ester compounds suitable for use in the fluid composition can be generally 
represented by the following formula: 

O O 




wherein Ar is generally represented by the following formula: 



or 
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wherein in formula I, X = hydrogen, an alkyl group, an alkoxyl group, a nitro group, a 
halide group, a cyano group, an amino group, or an aryl group, and 

wherein in formula n, X = Y = Z = an alkoxy or an alkyl group; X = Y or Z with X, Y, and Z 
being selected from the group consisting of hydrogen, an alkyl group, an alkoxyl group, a nitro 
group, a halide group, a cyano group, an amino group, and an aryl group; X = Y with X, Y, 
and Z being selected from the group consisting of hydrogen, an alkyl group, an alkoxyl group, a 
nitro group, a halide group, a cyano group, an amino group, and an aryl group; or X ^Y ^Z with 
X, Y, and Z being selected from the group consisting of hydrogen, an alkyl group, an alkoxyl 
group, a nitro group, a halide group, a cyano group, an amino group, and an aryl group. Examples 
of suitable cystol ester compounds include cystol ester, hexa-O-benzoyl cystol (X is H); hexa-O 
para-tohioyl cystol (X is CH3), hexa-0-meta-toluoyl cystol (X is CH3), hexa-O-ort/zo-toluoyl 
cystol (X is CH3), hexa-0-/?ara-tert-butylbenzoyl cystol (X is C(CH3)3), hexa-0-para- 
pentylbenzoyl cystol (X is pentyl), hexa-0-/?ara-heptylbenzoyl cystol (X is heptyl), hexa-O-para- 
chlorobenzoyl cystol (X is CI), hexa-<9-/?ara-cyanobenzoyl cystol, (X is CN), hexa-0-/?flra- 
nitrobenzoyl cystol (X is NO2), hexa-0-3,4,5-trimethoxybenzoyl cystol (X = Y = Z = OCH3), and 
combinations thereof. In an embodiment, the cystol ester compound is hexa-0-/?ara-toluoyl 
cystol. 

[0011] Such cystol ester compounds are soluble in the non-aqueous fluid, e.g., the continuous 

phase of an invert emulsion. The cystol ester compounds may be prepared as described in Tauro 

et al, 100 Bolletino Chimico Farmacentico, p. 723-731 (1961); and Connors et al, 44(1) Herba 
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Polonica, p. 33-38 (1998), each of which is incorporated by reference herein in its entirety. Other 
suitable methods of making cystol ester compounds are provided in the examples below. The 
amount of cystol ester compound present in the fluid composition is effective to suspend the 
particles in the fluid composition both when the fluid composition is stationary and when it is 
being forced into movement by, for example, agitation or circulation such as pumping. In the case 
where the fluid composition is an invert emulsion drilling fluid and the particles are a weighting 
agent, the amount of the cystol ester compound present in the fluid composition may range from 
about 0.05 % to about 5 %, from about 0.1 % to about 4 %, or from about 0.2 % to about 3 %, all 
by total weight of the fluid composition. 

[0012] The fluid composition may include additional additives as deemed appropriate by one 
skilled in the art. Such additives may vary depending on the intended use of the fluid composition 
in the wellbore. For example, when the fluid composition is to be used as a drilling fluid, it may 
optionally include organophilic clay, i.e., chemically modified clay, such as bentonite, hectorite or 
attapulgite. An example of commercially available organophilic clay is the VG-69 clay sold by M- 
I L.L.C. of Houston, Texas. It is believed that the use of organophilic clay in combination with the 
previously described cystol ester compound improves the sag of the drilling fluid even more than 
using the cystol ester compound without the organophilic clay. However, the organophilic clay 
may cause the viscosity of the fluid composition to increase significantly whereas using the cystol 
ester compound alone most likely would not do this. An amount of the organophilic clay present 
in the drilling fluid may range from about 0 % to about 5 %, from about 0.25 % to about 4.5 %, or 
from about 0.5 % to about 4 %, all by weight of the total weight of fluid composition. Examples 
of other additives that the fluid composition may contain include emulsifiers, fluid loss control 
agents, oxidation and corrosion inhibitors, bacteriacides, thinners, and so forth. 
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[0013] The foregoing fluid composition may be prepared by combining the non-aqueous fluid, 
the particles, and the cystol ester compound in any order. The fluid composition can be prepared 
beforehand and stored until its use is desired. Alternatively, the fluid composition can be formed 
onsite, e.g., near a wellbore, by adding the cystol ester compound to a mixture of a non-aqueous 
fluid and particles when a sag problem is observed or detected. If desired, the cystol ester 
compound and the non-aqueous fluid/particles mixture may be combined immediately prior to 
pumping the resulting fluid composition into the wellbore. In an embodiment, a drilling fluid is 
prepared by blending a cystol ester compound with an invert emulsion and a weighting agent using 
a standard mixing device to cause the cystol ester compound to become substantially dissolved in 
the continuous phase of the drilling fluid. Suitable methods of preparing the fluid composition are 
also provided in the examples below. 

[0014] In an embodiment, the fluid composition containing the non-aqueous fluid, the 
particles, and the cystol ester compound can be displaced into a wellbore and used to service the 
wellbore in accordance with procedures known to one skilled in the art. For example, when the 
intended use of the fluid composition is as a drilling fluid, it can be circulated down through a 
hollow drill stem and out through a drill bit attached thereto while rotating the drill stem to thereby 
drill the wellbore. The drilling fluid also can be flowed back to the surface such that it deposits a 
filter cake on the wall of the wellbore and carries drill cuttings to the surface. 
[0015] The presence of the cystol ester compound in the fluid reduces sag such that the 
specific gravity throughout a column of the fluid becomes more uniform. Otherwise, the particles 
in the fluid composition would be prone to settle under static or dynamic conditions. This 
reduction in sag occurs over a wide range of temperatures and shear rates, wherein "shear rate" 
refers to the velocity gradient measured across the diameter of a fluid flow channel. By way of 
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example, the reduction in sag achieved by the cystol ester compound in a fluid composition 
comprising an invert emulsion and barite is in the range of from about 0 % to about 100 %, from 
about 50 % to 100 %, or from about 75 % to 100 %. In this case, the amount by which the sag is 
reduced is calculated using the following equations: 

% Reduction in Sag = {1 - [(% sag in cystol ester treated fluid) / (% sag in 
untreated base fluid)] } 1 00 %. (Equation 1 ) 

The % reduction in sag may be determined using the following procedure: (1) while mixing with 
a Multimixer, prepare two samples of a non-aqueous fluid composition in separate containers 
(for each sample, mix 140 g mineral oil, 5 g lime, 3.5 g VG-69 clay, 5 g VERSAMUL emulsifier 
package, 0.8 g VERSACOAT emulsifier, 55 g CaCb brine having a density of 10 lbs/gal, and 
212 g barite); (2) measure the initial specific gravity (SG-I) of each sample at about 80 °F; (3) 
mix 4 grams of a cystol ester compound discussed herein in one of the samples; (4) close the 
containers and then roll them for about four hours in an oven maintained at about 160 °F; (5) 
after cooling the samples, mix them for 10 minutes on the Multimixer; (6) test the samples for 
Apparent Viscosity (AV), Plastic Viscosity (PV), Yield Point (YP), and Gel Strength (Gels) 
according to the "Recommended Practice Standard Procedure for Field Testing Oil-Based 
Drilling Fluids," API Recommended Practice 13B-2 (RP 13B-2) published by American 
Petroleum Institute; (7) transfer each sample into an aging cell (the cell is made from 316SS, is 
cylindrical in shape, and has an inside diameter of about 2.9 inches and an inside height of about 
4.7 inches) and after closing each cell, roll the cells for about 16 hours in an oven maintained at 
250 °F; (8) keep the hot cells in vertical position for about two hours at about 75 °F; (9) open the 
cells and gently pour back a portion of each of the fluid samples into the original container and 
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measure the specific gravity (SG) of about 40 mL of the fluid composition from the bottom of 
the cells; (10) calculate % sag as follows: 

% Sag = [(SG/SG-I) - 1.00]*100 % (Equation 2); and 

(11) calculate % reduction in sag using Equation 1 above. 

[0016] Using the cystol ester compound to reduce sag in a fluid composition builds relatively 
little or no viscosity in the fluid composition. The viscosity of the fluid composition also remains 
sufficient to suspend particles therein when the fluid composition is immobile and when it is 
flowing. Further, the viscosity is sufficient to suspend drill cuttings in the fluid composition as the 
fluid composition flows from down in the wellbore back to the drilling platform. For example, the 
apparent viscosity of the fluid composition changes by less than about 50%, alternatively less than 
about 20%, or about 5% after combining the cystol ester compound with the fluid composition 
comprising an invert emulsion and barite, as measured after heating the fluid composition for 4 
hours at 160°F. As such, the fluid composition containing the cystol ester compound is shear 
thinning, allowing the fluid composition to be pumped to a desired location. 

EXAMPLES 

[0017] The invention having been generally described, the following examples are given as 
particular embodiments of the invention and to demonstrate the practice and advantages thereof. It 
is understood that the examples are given by way of illustration and are not intended to limit the 
specification or the claims to follow in any manner. 

[0018] In the following examples 4 and 5, the flow properties (AV, PV, YP, and Gels) of the 
drilling fluid samples were tested using a Viscosity-Gel (VG) meter (Model 35) in accordance with 
the previously mentioned API 13B-2. 
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EXAMPLE 1 

[0019] A sample of hexa-0-/?ara-toluoyl cystol was prepared in accordance with the following 
procedure. First, 15 g (82.4 mmol) of cystol was added to 84 mL of pyridine, which served as a 
catalyst as well as the solvent, and stirred to form a suspension. While continuously stirring the 
suspension, 45.20 mL (494 mmol) of p-toluoyl chloride was added drop-wisely to the suspension 
for a period of 15 minutes. The resultant light yellow solution was refluxed at 90°C for 1 hour. 
The reaction was then quenched with ground ice chips (50 g), and the reaction product was washed 
twice with 200 mL of an aqueous solution containing 44 wt.% hydrochloric acid (HC1) per total 
weight of the solution, and then twice with 200 mL of distilled water to remove the pyridine. The 
cystol ester compound was then extracted from the reaction product by contacting it with 200 mL 
of dichloromethane, followed by evaporation of the dichloromethane and drying of the resultant 
cystol ester compound under vacuum. The hexa-0-/?ara-toluoyl cystol, which is represented by 
the following formula, appeared to be a light orange solid: 
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EXAMPLE 2 

[0020] A sample of hexa-0-benzoyl cystol was prepared in accordance with the procedure 
described in Example 1 except that the amount of pyridine used was 100 mL and the p-toluoyl 
chloride was replaced with 58 mL of benzoyl chloride. The hexa-0-benzoyl cystol is represented 
by the following formula: 




EXAMPLE 3 

[0021] A sample of hexa-0-/?<2ra-terf-butylbenzoyl cystol was prepared in accordance with the 
procedure described in Example 1 except that the amount of pyridine used was 100 mL and the p- 
toluoyl chloride was replaced with 90 mL of p-t-butyl benzoyl chloride. The hexa-O-para-tert- 
butylbenzoyl cystol is represented by the following formula: 
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EXAMPLE 4 

[0022] This example illustrates that using cystol ester compounds in an invert emulsion 
containing barite reduces sag. In this example, an invert emulsion drilling fluid (IEDF) 
containing the following materials was prepared: 1,980 grams of ESCAID 110 mineral oil 
commercially available from Exxon Mobile, Inc.; 70 grams of lime, 49 grams of VG-69 
brganophilic clay commercially available from M-I L.L.C.; 70 grams of VERSAMUL emulsifier 
package for oil-based drilling fluids, also commercially available from M-I L.L.C.; 11.67 grams 
of VERS ACOAT emulsifier for oil-based drilling fluids, also commercially available from M-I 
L.L.C.; 760 grams of CaCl 2 brine having a density of 10 lbs/gal; and 175 grams of rev dust for 
simulating drill cuttings, the rev dust being an altered Ca-montmorillonite, Al-silicate with low 
quartz content and low alkaline earth metal content. After transferring the mineral oil into a 
bucket and then stirring the oil sample with a laboratory dispersator, the materials were added 
about five minutes apart into the oil sample according to the order they are listed. The IEDF was 
mixed for 20 minutes using a high-shear mixing device, in particular a ROSS mixer (Model ME- 
100L) sold by Charles Ross & Son Company of Hauppauge, New York. The IEDF was then 
divided into three samples containing 208 grams each of the IEDF, and the samples were placed 
in three separate pint jars. Next, the Multimixer was employed to blend three drilling fluid 
samples containing the materials shown in Table 1 below. After the addition of each material, 
the sample was blended for the period of time shown in Table 1. Then the three pint jars were 
capped, rolled in an oven at 160 °F for four hours, cooled, and mixed 10 minutes on the 
Multimixer. As shown in Table 2 below, the initial specific gravity (SG-I) and various flow 
properties (AV, PV, YP, and Gels) of each sample were measured at 80 °F. 
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Table 1 



Sample No. 


Materials Mixed 


1 (control) 


208 grams of IEDF + 212 grams of barite (10 minutes) 


2 


208 grams of IEDF + 212 grams of barite (10 minutes) + 
2.8 grams of hexa-O-para-toluoyl cystol (10 minutes) 


3 


208 grams of IEDF + 212 grams of barite (10 minutes) + 
4.0 grams of hexa-0-benzoyl cystol (10 minutes) 



Table 2 



Sample 
No. 


Initial 
Specific 
Gravity 

(SG-I) 


600' 


300' 


Apparent 
Viscosity, 
cp 


Plastic 
Viscosity, 
cp 


Yield Point 
lbs/100 ft. 2 


Gel Strength 
(10 a/10 min), 
lbs/100 ft. 2 


1 

(control) 


1.52 


46 


24 


23.0 


22 


2 


4/16 


2 


1.52 


45 


23 


22.5 


22 


1 


3/12 


3 


1.52 


NT 2 


NT 2 


NT 2 


NT 2 


NT 2 


NT 2 



1 - 600 and 300 represent dial readings at 600 RPM and 300 RPM on the VG meter, respectively 

2 - NT = Not tested due to insoluble particles 

[0023] Next, the samples were transferred into the aging cells. After closing the cells, they 

were rolled about 16 hours in an oven at 250°F, and then the hot cells were kept in vertical position 

for about two hours at about 75°F. After opening the cells, a portion of the fluid sample from each 

aging cell was gently poured back into the original pint jar. Exactly 42.1 mL of the fluid sample 

from the bottom of each aging cell was transferred into a pre-calibrated beaker and weighed. The 

specific gravity, the % sag, and the % sag reduction were calculated in accordance with the 

following equations: 

Specific Gravity = Weight / 42.1 

% Sag = [(Specific Gravity/SG-I in Table 2)-1.0]100 % 

% Sag Reduction = [!-(% sag of cystol ester treated sample/% sag of sample 1)]100 % 
These test results are provided in Table 3 below under "Sag Test at 250 °F." 

15 
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Table 3 



Sample 
No. 


Sag Test at 250 °F 




Weight, g 


Specific Gravity 


Sag, % 


Sag Reduction, % 


1 


103.22 


2.45 


61.18 




2 


65.51 


1.56 


2.63 


95.70 


3 


65.30 


1.55 


1.97 


96.78 



Each fluid sample was subsequently mixed 10 minutes on the Multimixer and tested on the VG 
meter at 80 °F, 120 °F, and 150 °F. The results of these tests are shown in Table 4 below. 

Table 4 



Sample 
No. 


Temp., 
°F 


600 1 


300 1 


Apparent 
Viscosity, 
Cp 


Plastic 
Viscosity, 
cp 


Yield 
Point 
lbs/100 
ft. 2 


Gel 
Strength 
(10s/10 
min), 
lbs/100 ft. 2 


1 


80 


45 


24 


22.5 


21 


-3 


3/18 


1 


120 


33 


17 


16.5 


16 


-1 


2/15 


1 


150 


28 


14 


14.0 


_ 14 


0 


2/11 


2 


80 


46 


25 


23.0 


21 


4 


4/13 


2 


120 


37 


20 


18.5 


17 


3 


4/10 


2 


150 


30 


16 


15.0 


14 


2 


5/9 


3 


80 


51 


25 


25.5 


26 


-1 


7/22 


3 


120 


38 


19 


19.0 


19 


0 


7/19 


3 


150 


32 


16 


16.0 


16 


0 


5/17 



1 - 600 and 300 represent dial readings at 600 RPM and 300 RPM on the VG meter, respectively 



[0024] As determined in Table 2, the specific gravity of all three samples should be 1.52 
(when the specific gravity at the top and the bottom of the fluid is the same) if no sag problem 
occurred. As shown in Table 3, the specific gravity of control sample 1 was 2.45 when the sag test 
was performed at 250 °F. The specific gravity of control sample 1 was thus much higher than 
1.52, resulting in 61.18% sag. Samples 2 and 3 exhibited only 2.63% and 1.97% sag, respectively. 
Thus, compared to sample 1, the % sag was reduced by 95.7% in sample 2 by mixing hexa-O- 
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para-toluoyl cystol with the IEDF and the barite. Similarly, the % sag was reduced by 96.78% in 
sample 3 by mixing hexa-0-benzoyl cystol and the barite. 

[0025] Based on the results shown in Table 2 and Table 4, the flow properties of all three 
IEDF samples were about the same. Generally, a reduction in sag is expected to result from an 
increase in flow properties such as apparent viscosity, plastic viscosity, yield point, and gel 
strength. However, the use of the cystol ester compounds to reduce sag advantageously did not 
adversely affect the flow properties of the IEDF. 

EXAMPLE 5 

[0026] This example further illustrates that using cystol ester compounds in an invert 
emulsion containing barite reduces sag. In this example, an invert emulsion drilling fluid (IEDF) 
containing 1,980 grams of ESCAID 110 mineral oil, 70 grams of lime, 35 grams of VG-69 
organophilic clay, 70 grams of VERSAMUL emulsifier package, 11.67 grams of VERSACOAT 
emulsifier, 760 grams of CaCb brine having a density of 10 lbs/gal, and 175 grams of rev dust 
for simulating drill cuttings was prepared as described in Example 4. The IEDF was mixed for 
20 minutes using the ROSS mixer (Model ME-100L). The IEDF was then divided into three 
samples containing 208 grams each of the IEDF, and the samples were placed in three separate 
pint jars. Next, the Multimixer was employed to blend three drilling fluid samples containing the 
materials shown in Table 5 below. After the addition of each material, the sample was blended 
for the period of time shown in Table 5. Then the three pint jars were capped, rolled in an oven 
at 160°F for 3.5 hours, allowed to cool, and mixed 10 minutes on the Multimixer. As shown in 
Table 6 below, the initial specific gravity (SG-I) and various flow properties (AV, PV, YP, and 
Gels) of each sample were measured at 120°F. 
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Table 5 



Sample No. 


Materials Mixed 


4 (control) 


208 grams of IEDF + 212 grams of barite (10 minutes) 


5 


208 grams of IEDF + 212 grams of barite (10 minutes) + 
1.6 grams of hexa-O-para-toluoyl cystol (10 minutes) 


6 


208 grams of IEDF + 212 grams of barite (10 minutes) + 
1 .6 grams of hexa-O-para-^-butylbenzoyl cystol (10 minutes) 



Table 6 



Sample 
No. 


Initial 
Specific 
Gravity 

(SG-I) 


600 1 


300' 


Apparent 
Viscosity, 
Cp " 


Plastic 
Viscosity, 
cp 


Yield Point 
lbs/100 ft. 2 


Gel Strength 
(10 s/10 min), 
lbs/100 ft. 2 


4 


1.52 


28 


14 


14 


14 


0 


5/7 


5 


1.52 


28 


14.5 


14 


13.5 


1 


4/7 


6 


1.52 


29 


15 


14.5 


14 


1 


6/9 



1 - 600 and 300 represent dial readings at 600 RPM and 300 RPM on the VG meter, respectively 

Next, the samples were transferred into the aging cells (316 SS). After closing the cells, they were 

rolled about 16 hours in an oven at 175 °F, and then the hot cells were kept in vertical position for 

2 hours in the oven at about 175 °F. After cooling the cells to about 80 °F, a portion of the fluid 
sample from each aging cell was gently poured back into the original pint jar. Exactly 42.1 mL of 
the fluid sample from the bottom of each aging cell was transferred into the pre-calibrated beaker 
and weighed. These test results are provided in Table 7 below under "Sag Test at 175 °F." Then, 
the fluid samples were mixed 10 minutes on the Multimixer and transferred back to their respective 
aging cells. After closing the cells, they were rolled 2.5 hours in an oven at about 215 °F, and then 
the hot cells were kept in vertical position for 2 hours in the oven at about 225 °F. After cooling 
them to about 80 °F, a portion of the fluid sample from each aging cell was gently poured back into 
the original pint jar. Exactly 42.1 mL of the fluid sample from the bottom of each aging cell was 
transferred into the pre-calibrated beaker and weighed. These test results are provided in Table 7 
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below under "Sag Test at 225 °F." The same equations as those used in Example 4 were employed 
to determine the specific gravity, % sag, and % sag reduction, as shown in Table 7 below. 



Table 7 



Sample 
No. 


Sag Test at 175 °] 


7 


Sag Tesi 


t at 225 °F 


Weight, 
g 


Specific 
Gravity 


Sag, 
% 


Sag 
Reduction, 
% 


Weight, 
g 


Specific 
Gravity 


Sag, % 


Sag 
Reduction, 

% 


• 4 


88.39 


2.10 


38.16 




102.57 


2.44 


60.52 




5 


72.36 


1.72 


13.16 


65.51 


86.19 


2.05 


34.87 


42.38 ! 


6 


87.32 


2.07 


36.18 


5.19 


94.12 


2.24 


47.37 


21.73. 1 



Each fluid sample was subsequently mixed 10 minutes on the Multimixer and tested on the VG 



meter at 120 °F and 150 °F. The results of these tests are provided in Table 8 below. Each fluid 
sample was again mixed 10 minutes on the Multimixer and transferred into a heating cup. While 
stirring at 600 rpm on the VG meter, the sample was heated to 150°F. As soon as the temperature 
of the sample reached 149 °F, the stirring speed was reduced to 100 rpm and a timer was turned on. 
After stirring for 30 minutes at 100 rpm and about 150 °F, a portion of the hot fluid sample from 
the heating cup was gently poured back into the original pint jar. Exactly 12.35 mL of the fluid 
sample from the bottom of each aging cell was transferred into a pre-calibrated beaker and 
weighed. The same equations as those used in Example 4 were employed to determine the specific 
gravity, % sag, and % sag reduction, as shown in Table 9 below. 



Table 8 



Sample 
No. 


Temp 

CD 


600 1 


300 1 


Apparent 
Viscosity 

(cp) 


Plastic 
Viscosity 

M 


Yield Point 
(lbs/100 ft. 2 ) 


Gel Strength 
lOs/lOmin 
(lbs/100 ft. 2 ) 


4 


120 


31 


15.5 


15.5 


15.5 


0 


3/13 


4 


150 


25 


13 


12.5 


12.0 


1 


3/11 


5 


120 


32 


16.5 


16.0 


15.5 


1 


4/10 


5 


150 


28 


14 


14.0 


14.0 


0 


5/8 


6 


120 


33 


17 


16.5 


16.0 


1 


6/18 


6 


150 


27 


14 


13.5 


13.0 


1 


5/18 



1 - 600 and 300 represent dial readings at 600 RPM and 300 RPM on the VG meter, respectively 
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Table 9 



Sample No. 


Weight (g) 


Specific Gravity 


Sag(%) 


Sag Reduction (%) 


4 


26.12 


2.115 


39.14 




5 


23.20 


1.879 


23.62 


39.65 


6 


24.07 


1.949 


28.22 


27.90 



[0027] It was determined that the specific gravity of all three samples should be 1 .52 (when the 
specific gravity at the top and the bottom of the fluid is the same) if no sag problem occurred. As 
shown in Table 7, the specific gravity of control sample 4 was 2.10 and 2.44 when the sag test was 
performed at 175 °F and 225 °F, respectively. The specific gravity of control sample 4 was thus 
much higher than 1.52, resulting in the highest % sag. Sample 5 exhibited the lowest specific 
gravity values, resulting in the lowest % sag. Compared to sample 4, the % sag was reduced by 
more than 40% in sample 5 by mixing hexa-0-para-toluoyl cystol with the EEDF and the barite. 
While hexa-0-/?ara-rert-butylbenzoyl cystol reduced sag by about 22% at elevated temperature 
(225 °F), still, it was less effective than hexa-0-/?tfra-toluoyl cystol with recorded % sag of about 
42%. Of import, however, is the fact that the efficiency of the former increased at elevated 
temperature (225 °F) by about 15% from about 5% at 175 °F contrary to our expectation. 
[0028] Based on the results shown in Table 6 and Table 8, the flow properties of all three 
EEDF samples were about the same. Generally, a reduction in sag is expected to result from an 
increase in flow properties such as apparent viscosity, plastic viscosity, yield point, and gel 
strength. However, the use of the cystol ester compounds to reduce sag advantageously did not 
adversely affect the flow properties of the EEDF. 

[0029] The results in Table 9 show that, in a dynamic sag test, the specific gravity for control 

sample 4 was higher than that of the other samples (i.e., 2.115). Again, sample 5 had the lowest 

specific gravity (i.e., 1.879) and thus the least amount of sag. Sample 6, which had a specific 
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gravity of 1.949, exhibited less sag than control sample 4. Consequently, the use of the cystol ester 
compounds in the EEDF reduced sag both while the EEDF was static and while it was being stirred. 
[0030] While preferred embodiments of the invention have been shown and described, 
modifications thereof can be made by one skilled in the art without departing from the spirit and 
teachings of the invention. The embodiments described herein are exemplary only, and are not 
intended to be limiting. Many variations and modifications of the invention disclosed herein are 
possible and are within the scope of the invention. Use of the term "optionally" with respect to any 
element of a claim is intended to mean that the subject element is required, or alternatively, is not 
required. Both alternatives are intended to be within the scope of the claim. 
[0031] Accordingly, the scope of protection is not limited by the description set out above but 
is only limited by the claims which follow, that scope including all equivalents of the subject 
matter of the claims. Each and every claim is incorporated into the specification as an embodiment 
of the present invention. Thus, the claims are a further description and are an addition to the 
preferred embodiments of the present invention. The discussion of a reference in the Description 
of Related Art is not an admission that it is prior art to the present invention, especially any 
reference that may have a publication date after the priority date of this application. The 
disclosures of all patents, patent applications, and publications cited herein are hereby incorporated 
by reference, to the extent that they provide exemplary, procedural or other details supplementary 
to those set forth herein. 
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